), Ptc1 was upregulated within the somites and lateral plate mesoderm ( Figure 2N ) in a pressed in the yolk sac endoderm and developing embryonic gut endoderm at somite stages (Bitgood and Smo-dependent mechanism ( Figure 2O) Figure 3C) . Surprisingly, no expression of Pitx2 was detected in the lateral plate mesoderm pressed in the node. Whether they are coexpressed in the same cell population or in immediately adjacent cell of either Shh/Ihh compound mutants or Smo mutants, whereas expression in the head mesenchyme and yolk types is not clear. Upregulation of Ptc1, a general transcriptional target of HH signaling, in the yolk sac mesosac was unaltered ( Figures 3D and 3E ). These results suggest that HH signaling is required derm, the periphery of the node, and at the midline suggests that Shh and Ihh signaling is occurring at this for the induction of asymmetric gene expression in the left lateral plate mesoderm and that either Shh or Ihh is stage ( Figures 2C and 2H) Thus, Cryptic, like Gdf1, appears to be a target of HH signaling. Although it is not clear which Gdf1 expression domain is responsible for regulating the left-side specific pathway, early expression in the node is likely to be important.
Defective Heart Morphogenesis in Smo Mutants Gdf1 expression was examined in HH pathway mutants Loss-of-function mutants in most genes that regulate at 2-8 somite stages. Gdf1 is significantly downregu-L/R asymmetry randomize the process of heart looping. lated in the node and ventral neural tube of Shh mutant Thus, these genes are not essential for looping, but embryos, but only slightly reduced in intermediate and instead bias the direction of looping so that the heart lateral plate mesoderm ( Figure 4B ). Expression of Gdf1 normally loops to the right. In contrast, the heart of was maintained in the node and at the midline in Ihh Smo mutants remained as a linear tube ( Figure 1E ). This mutants, but lateral mesoderm expression was downphenotype might indicate that Smo mutants are unable regulated ( Figure 4C ). Interestingly, Gdf1 expression to break bilateral symmetry. Alternatively, HH signaling was completely absent in the node of Smo mutants could also play an independent role in cardiac morphoand expression was downregulated in other expression genesis. In support of this latter view, heart development domains ( Figure 4D Figure 5D ). Exmutant embryos at 2-6 somite stages ( Figure 4H ). In pression of Wnt2 (Monkley et al., 1996), another cardiac contrast, Cryptic was upregulated in the ventral neural marker, was unaltered ( Figures 5E and 5F ). Thus, Nkx2.5 tube and node, and ectopically activated in the anterior appears to be a specific cardiac target of HH signaling and the reduced levels of Nkx2.5 activity might underlie primitive streak of Ptc1 mutant embryos ( Figure 4J ). 
